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fiber-epoxy cooposites
rrepregs.  The cheminal
~ion of commercial EF:: amine
2Imy Lexes are variablé and ccn-
tain BF_ anZ BFB(OH)-

salts togetner with other

[

nidentified highiy reactive
species. The BFQ: amine
complexes, whichdare susceptible
to hydrclysis, also

partially convert to the BF; ezlc
{(i.e. BF;NH;C2H5) upon heating.
This salt formation is accelerated
in dimethyl sulfoxide solution and
in the presence of the epoxides
that are present in commercial

prepregs. Commercial C fiber-epoxy

prepregs are shown to contain

HESONANCE CHARACTERIZATION
FIBER-EPOXY PREPREGSH*
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species tngsther with
gn< a varliety of

carbcrn-fivorine

vles ol BF_:amine tc it's B
was observed {rom prepreg

lot to lot, whizh will cause
vaerizble viscosity-tim=-temperature
prepreg cure profiles. It is

con~iuded that tne chemically

n

tatle and movile BF; sait is the
pre-jominart catalvtic species,
acting as a catioric catalyst for
the prepreg cure reactions. Durirg
the early stages of cure the BFE:
amine catalyst converts tc the BF;
salt in the presence of epoxides,
whereas the BFa-prepreg species are
susceptible to catalytic deactiva-

tior and immobilization.

"Keywords": BF3:amine
catalysts, cure reactions,

processing, prepregs.
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i. INTRODUCTION
Diaminodiphenyl sulfone (DDS)
cured tetraglycidyl 4,4' diaminodi-
phenyl methane (TGDDM) epoxies are
the most common comrposite matrices

1
utls

ized in high psrfcormance
fibrcus ccmposites.
The TGDDM epcrxide morncmer S a

J1quid at 2397, whereas the DDS

e
all primarily consist of the

P Ame
TIDIM-DD

wnowiedge ¢f the parameters that

aflect composite processing candi-
tions and the resultant structure
nf the epoxy within the compesite.
The cuare reasctiors directly con-
trol the composite processing and
final epoxy network structure.
Hence, it is important to under-
stand the cure reactions and the
variables that affect such reac-
tions. In previous studies we
have reported: (i) systematic
Fourier transform infrared spectro-
scopy (FTIR) studies of the cure

reactions of TGDDM-DDS epoxies as

a function of cure conditions, DDS

concentration and the presence or

(4=
absence of a BF catalyst‘a 7

3

the effects of inhomogeneous

;(1i1)

physical mixing of the TGDDM-DDS
components and their degree cf
chemical purity on the resultant
epocxy chemical and physical struc-

{ &
ture . (iii) the relations

tne mcdes ¢f deformationn and fail~
yre, and the mechanic
of TGDDM-DDS epoxies( and
(iv) how specific combinations of
mcisture, heat and stress affect
their physical and zechanical
- oo (G111
integrity.
The cure rezctions, ths
viscosity-time-temperature
profile, the processing condi-
tions, the resultant epoxy chexi-
cal and phy¥sical structure, and
the mechaniczl response of a C
fiber-TGDDM-DDS cured epoxy compo-
site are modified by the presence
cf a BF_-amine complex catzlyst

2
within Ehe -repreg. These factors
will also tc modified Ly the dis-
tribution of the catalyst within
the prepreg, its chemical composi-
tion and any wmodification of its
structure and activity as a result
of exposure to and/or interactions
with heat, moisture and the epox~

ide and amine components within

the prepreg.

##Reference to a company or product name does not imply approval or
recommendation of the product by the University of California or the

U.S. Department of Energy to the exclusion of others'that mav he suitable.




The twe most common BF _-
amine catalysts used comme;:ially
to cure epcxies are boron
trifiuoride-monoethylamine and
toron trifluoride piperidine
ccmp.exes. Such complexes are
latent catalyvsts at room tempera-
ture but erhance epoxiade group
reactivity at higher temperatures.

. R T ]
In this paper we report "H, F,

]

and B NMR studies of BF_:

the chemical composition of

commercial BF_:ramine complexes,

s, ]lid-state and alsc in solutiocon,
{(iit) the effect of moisture and
heat upon their ecompesition, (iv)
the nature of their interaction
with the epoxide and amine compo-
nents utilized in TGDDM-DDS
zcommercial preprege, (v) the
compesition of BF?:amine complexes
in commercial presregs. (vij their
thermal stability in the prepregs
and (vii) identification of the
chemical structure of the predomi-
nant catalytic species of the cure

reactions of the prepreg.

2. EXPERIMENTAL
2.1, Materials
The BF_:NH_C_R

3 2725
gated were obtained from Alfa,

samples investi-

Pfaltz and Bauer, Harshaw and K.
and K. Chemical Companys. The C
fiber-TGDDM-DDS prepregs investi-
gated were Fiberite 934 and

Hercules 3501.

2.2 Experimental

Model compounds and samples of
the chemical constituents of the C
fiber~TGDDM-DDS prepregs were
dissolved in dimethyl sulfoxide
(DMS2) and sealed in 5 mm glass
tubes suitable for investigation
by NMR.

For catzlvst studies,
sclutions were usually in the
0.5-1.0 M concentration range.
Prepreg samrles were prepzred by
cutting a 1.0 gm sample o7 prepreg
material into 1/4 inch pieces,
removing the backing and plazing
the remaining G.7% gms into a vial
eguiped wi*h an A:i foil lined cap.
3 ml of dry DMS0-d6 were adaed and
the sample was agitated on a roto-
rary stirrer and allowed to stand
cvernight in order to assure com-
plete solution of the soluble
components.

Spectra were obtained on a
NT-200 Fourier Transform NMAR
spectrometer using a super conduc-

To observe lH, lgF

ting magnet.
and llB signals the spectrometer
frequencies were 200.071, 1BB8.228

and 64,190 MHz respectively.

3. RESULTS AND DISCUSSION

3.1. Chemical Composition

The chemical composition of
i n . "
the commercial BF3‘NH2C2H5
samples was investigated by "H,

and 11B NMR.

19F

The lH NMR spectrum of

BFB:NHZCEHS

three separate regions, namely, the

should exhibit peaks in

CH3 region at highest field, the



CH2 region at an intermediate

field and the NH2

The theoretical peak inten-

region at lowest
field.
sity distritution should be 3:2:2
fo Ct CH

r the H3' 2
respectively. I

and HH2 regions,
n general the spec~
tra of two components were ohserved.

The ma jor component

ppm! and an NH.

signal {c.15f ppmi.
The intensity ratios were 3:2:02
respectively and this spectrum was
assigrned tc the BF_:NH C H_

g EERAP A
Structure,

4

& secanl TompLrent was evident
in the protcon NMR spectira,
characterized again by a CH3

o 1l opm), a CH2 quartet
{(2.80% ppm) and an NH'CH peak frem
lahile prctons (7.27 to 7.€3 ppm).
Intensity ratios were 3:2: approxi-
mately 3. Tne CH_ peaks were
sharp and showed no indications of
additional spin coupling. The spec-
trum (s atiributed to (BF; or
BFBOH_) NH;TEHS species.

ton intensity measurements would

The pro-

indicate that BF; is the dominant

anion.

9
The l‘F NMR specira of the
commercial "BF3:NH2C2H " samples

were investigated.

5
The major com-

19F

. i
spectra were BF3.NH2C2H5, B‘u,

and BF3(OH)- species and an uniden-

ponents identified in the

tified highly reactive BF, species

3
with an NMR peak in the region of
BF . e BF_:NH_C

3(OH) The F3 H2 2H5

structure, which was identified by

lH NMR, is also consistent with

observed 1:1:1:1 lgF and 1:3:3:1 118

NMR quartets where J__=17.0 Hz.

BF
The BFM species was identified by
its known chemical shift, tvogether
Wwith cur independant measurements
on NaSF“/DMSO s~lutions. The
BF_(OH)  species was identified by

3 . (14,15)
(i) its known chemical shift, !
(ii) an observed 1:3:3:1 quartet
in the “"B NMR spectrum and (iii)
the ctservatlian of it's formaticn
from the reaction of BF_:NY_C_H_

3 2725
with H,O (see later section
(4

"Hydrolytiz Stability".)
16

The uwajor VF environment in
the Bauer material shows neitner
the sharp lines of a symmetrical
BF; environment, nor the well

resolved 1:1:1:1 quartet patterns

of amine:BF3 adducts. Instead a

single brcad line (50Hz) is cbserved
The llB

rescnance of this species is als:z a

in the region of BF_OH .
-
single broad line. We conclude
that an unsymmetrical electronic
environment characterizes this
species and quadrupole relaxation

11

of B occurs. A possible

structure is [(C2H5NH2)ZBF;][BF;].

The fluorine species observed
in the commercial samples are
illustrated in Table 1, in which
several other observed lgF NMR
peaks are combined under the
heading "Miscellaneous”.

The chemical composition of a
"BF3:NHC5Hl " sample was also inves-
tigated by 9F NMR. Three fluorine
containing environments were found
with fluorine distributed as

follows, (i) BF3:NHCSH10 (87.3%);




s

sz - + .. . ) ,d
(i1) BFuNHeusle*(ll 5%) an
(1ii) BF3(OH) NHECSHIC {(C.2%).

Peak assignments were based on our
previous investigations of
"EF : !l.
3 NHECZHS
3.2. Thermal Stability

Selid "BFB:NH2C2H§“ samples that
were annealed at 8§5°C, 115°C or
133°7 for 1 hour and then subse-
quently dissolved in DMSD exhibited
no significant dissociation as
detected by lH. This data s
consistent with Harris and
Temins(IS) observations that
BF?:amine complexes do not dissa-
ci;t_ irreversibly to gssenys BF?
and amine products. {The "BFQ: ’

NHﬁf,Hq" was observed tc melil near

<

B85°C during these studies.}

However, 19F NMR studies
indicate that a small amount of
the BF3:NH2C2H5 may slowly con-
vert to EFu and to another spe;;es
which we do not detect in the F
spectrum. There is an apparent
loss of fluorine as illustrated in
Tabl: 2. The small % of BFR(OH)—
species present in the unangealed
sample disappears after a 1 hour
anneal at 85°C, presumably as a
result of either (i) reaction with
species at the glass sample tube
surface and/or (ii) formation of
species which undergo chemical
exchange at an intermediate rate
on the NMR time scale.

3.3. Hydrolytic Stability
19

F NMR studies of "BFB:NH C_H."/

2725
DMSO soclutions indicated little

change occured in the amount of

. F E -
BFB'NHZCZHS' B‘U and BrE(OH)

species in the presence of added

HZO over a period of U days at

23°C.
However, if a large (1L fold)
excess of H,0 is added to the

" < Nt VVI O 5
BF3 NL{ZCZHb /DMS0 solution and the

temperatures raised to 85°C for 1

hour, the amount eof fluorine

present as BF_:NH_C_H_ decreased by
3 2°2°5

~50% while that present as BFB(OH)_

NH;CPH5 increases from 5% to 40%.

The more stable BF; species were
unaffected hy exposure to H20 at
859C.

The "BF?:NHCSHIOH species in

DMSC behaved similarly to the corres-

; WRE - NH ~ - 5
ponding BAB.N..ZVZH5 species upon

exposure to H_ O at 23°C and 85°cC.

2

3.4. Interactic  cf "BF :NHQSZESS

with DDS, and TGDDM

1 19 iqs
H and F NMR were utilized

to study the interaction of the
individual resin components of the
C fiber - TGDDM-DDS prepregs with
"BF_:NH_C _H_".

3 NHC,Mg

It was determined that the
.
“H NMPR spectrum of DDS ir DMSO
does nct change when BFB:NHZCZH5
added at amhbient temperature.
“"BF_:N "/DDS ti

3 H2C2H5 /DDS/DMSO sclutions

were then monitored after heating

is

for 1 hour at 85°C, 115°C or
139°C. The broad CH2 multiplet
associated with BF_:NH_C_H_ in the

3 225
proton spectra decreased with

increasing temperature exposure
ultimately resulting in a sharp
CH, quartet which is associated

2

X . gt
with elthe: BFUNH3C2H5 or
BF3(0H) NH3C2H5 species. If

BFB:NH2C2H5 is heated directly in



DMSO the conversion to BF; and
the % fluorine loss is considerably

t a t :NH
greater than heating BF3 N 2C2H5
in the absence of the soivent, as
illustrated in Tatle 2. The con-

. . . . ':,’
version of the BFB.NHZC?H5 to B.u
species with asscciated fluorine
108s could preferertially occur at
the glass sample tube surface.
Hence, such reactions would be
accelerated in solution because
thz motility of th :NH_CZ

m v of the BF3 NHE 2”5
enhanced. However, we also cannot

is

rule out the possibility of a

reactlion between the BFB:NHZCZhE

and the DMSO solvent that enhances
conversion ta BF; specles.

BFB:NHCSH10 exhibits similar

thermal stability trends as

F_: c .
B.3ATSZ 2H5
“F NMR studies also indica:e

tuat significant changes in the

BF, species occur upon heating
"553:NH2C2HE“/DDS/DHSO solutions.
The degree of conversion to the EFQ
salt, for the same thermal expo-
sure, 1s similar to that observed
in "BFB:NHZCZHS"/DMSO sclution,
Table 3, in the absence of DRBS.
Hence, we have nc direct evidence
that DDS competes with C_H_NH_ for

25 2

BF3 molecules or that DDS enhances

BF; salt formation upon heating in

DMSO solution.
The lH NMR spectra of
n H n Qo 3
BF3 NH2C2H5 /TGDDM/DMS0 solutions
were investigated as a function of
thermal exposure. Heatling the
solution for 1 hour at 85°C did
. 1
not produce changes in the "H

spectra. However, exposures to

115°C or 139°C for 1 hour did
produce significant spectral
changes. The unmodified TGDDM
lH NMR spectrum contains two
doublets centered at 7,022 and
6.763 ppr which are associated
with the two types of aromatic
protons. The five different
chemical proton environmentiu
associated with the N-CHE-CH-CH;
group result in the series of
peaks in the 2.500-3.500 ppm
region. We have not attempted tc
assign peaks in this region to
specific proton environments. 7Tn=2
essential disappearance of the
TGDDM aromatic proton doublets anc
the modification of the spectral
region asscciated with the TGDDM
aliphatic protons after heating
for 1 hour at 115°C and 139°C
confirms that BFB:NHZCeH5 reacts
extensively with the TGDDM epoxide.

lgF NMR studies, illustrated
in Table 4, inZicate that the TGDDI¥
epoxide enhances BF; salt forma-
tion in DMSO solution. For
example, after exposure to 115°C
for 1 hour all the BF3:NH2C2H5
species have disappeared in the
presence of TGDDM. However, in
DMSO solution in the absence of
TGDDM, 50% of the total fluorine
species are still in the form of
BF3:NH2c2H5 after 1 hour exposure
at 115°C, Table 3.
3.5. Latalyst Composition in

Prepregs
The catalyst composition in

Fiberite 934 and Hercules 3501
19F

prepregs was investigated by

T ]

i
i




o et

NMR. The epoxy resin in these
commercial C fiber-TGDDM-DDS

prepregs was dissolved in DMSO.

D
a

The fluo>rine species observ
in five aifferent l2ts of Fiterite
3L were identified and tabulated
in Table 5. The catalyst in this
prepreg was icentified as
EFB:NHZCEHS by qu NMR. There is
conziderable varition in the
SFTNHTS N, (1L.r-£0.0%) ani tne
Ny H (7.0~LR 49, =pelies

We associcate the various addi-
tienal fluorine peaks observed in
tre NMR spectra withk pritecipally
the productrs cf epoxide - adtive
fluorine species reactisns. The
total fluorine in the feorm of
these products is relatively
constant from preprag 1o to lot
(28.2-36.3%).

Tne epcxy resin of a Hercules
3501 sample was dissolved in DMSO
end investigated by 19F NME .,

The 19F peaxs associatel with
BF3:NH?CQH5 were ahsernt aru the
1:1:1:1 quartet associated with
BFB:NHCBHlO was found at an lgF
chemical shift valu Jf -155.17
ppm. The fluorine distribution
among species found in this sample
was BF3(0H)_:NH+C H,  (2.8%);

. 275710
BF NH.C_H (9.9%); BF,:NHC.H

27510 5710
(78.3%) and epoxide-fluorine
products (9.0%).

The Fiberite 934 prepreg was
exposed to a series of temperature-
time profiles and the scluble
epsxy resin portion dissolved in

DMSO and studied by lgF NMR. The

ratics of the intensity of the peak

associated with BFB:NHZCZH5 (IBF )

to that intensity ol the BFHNH;CZH5
(IBF—) species as a function of
exp&gure conditions are tabulated
in Table €. With increasing
anneal temperature the BFB:NHZCEH5
species concentration decreases

X -t
relative to the BFuNH3C2H5
species. The presence of steam
=lows the relative disappearance

cf tne BF_:NH_C_H_ species.

YaTes
3.6. Catalytic Species and
Activity

Our NMR studies indicate
BF_:NH_C_H_ is slowly converted o
BF NHT

3125
ponding loss of {luorine upon

1ro
IS

@€ 2

/R

th H_ salt with ccrres-

=

heating the solic catzlyst. This
conversion to the salt is acceler-
ated in DMSO solution and further
accelerated in TGDDM/DMSO solutions
with an associated 20-30% lioss of
fluorine upon near complete conver-
sion to the salt. We will now"
consider the catalytic mechanism
and activity of 5F3:NH262H5 towards
the TGDDM-DDS cure reaction in the
light of our NMR observations.

The BFB:NHZCZH5 can react
directly with an epoxide resulting
the formation of a monoboroester

and HF.

) O\
Bb3.NH2C2H5 + R-CH—CH2 —_—

CIJBF2

—~CH-CH_~NH-C i
R-CH CH2 NH 2H5 + HF (1)

The HF generated then reacts with

another BF3:NH2\.2H5 to form the salt.


http://specj.es

BF3:NH2C2H5 + HF ——

-t
BFUNH3C2H5 (2)

The HF can alsc react with the
components of the prepreg resulting
in a variety of C-F containing
species, The formation of the

1N it reaui .
5.u sait requires two BFR'NHZCEHS

molecules to be in close proximity.
Hence, the formation cof the BFL
salt will intimately depend on the
dispersion of the small quantity

(0.4 w Y of &b :NH.C
(0.4 wt %) of the SF? N%Z ZHS

catalyst within the prepreg and,
therefore, as such could be highly

variable. The monobcroester can

act as a catalyst for the cure

(17)

reacticns but is susceptible

to deactivation anrd, also,
hydrolysis.

There are regorts in the
literature of H?O deactivatirg
the catalvtic activity cf
(18,13)
BFB:NH2C2H5. !
indicate that BFB:NHZCZHS can
hydrolyze to forw the hydroxy

Our NMR studies

fluoroborate salt, particularly at
more extreme conditions (i.e.
5°C).
However, our differential

scanning calorimetry (DSC)

(20)

studies indicate that when

-
the BFB(DH) NH3C2H5

stituted for BF3:NH2C2HS in a

TGDDM/DDS prepreg mix the cure

salt is sub-~

reactions are not modified. This
+

hat the BF_(OH) NH_C_H
suggests that the 3( ) 3Cog
BF_:NH_C_H
dehydrates back to 3 Lot
during the early stages of cure.

If, however, a TGDDM/DDS/BF _:NH C2H

37225

prepreg is directly exposed to H20

vapor at 85°C, DSC studies do

(20) either (i) a cataly-

indicate
tic species is poisoned (probably
the monoflucroborate) and/or (ii)
t :

he BF3 NHECZHS
out of the preprea.

catalyst is leached

All BF3 and 5F3-prepregs
species, with the exception of the
BF NHYC

yN3CoHg
to transformation to less active

salt, are susceptible

aor non-active catalytic species.
Furthermore, our NMR results indi-
cate that the BF;NH;CZHS salt
does not irreversibly, chemically
react with the prepreg components.
For each epoxide group to be
catalyzed by a BF3 species in a
prepreg containing 0.4 wt %
"BFB:NH2C2H5" catalyst reguires
each catalytic species to act as a
catalyst tc ~200 epoxide groups.
This means each BF1 catalytic
species has to be ;hemically
stable and mobile. Hence, we.-
suggest that the BF;NHECZHS salt
is the predominant catalytic
species for the prepreg cure
reactions, with the more active
BF3 species becoming deactivated

and/or immobilized during the

early stages of cure. Harris and

Temin(za)

have reported that BFB:
amine complexes and their corres-
ponding BF; salts cure epox-

ides in the same temperature range
and cure times. This observation
is consistent with the BF; salt
being the predominant catalytic
species and the BFB:amine complex

noverting to the BF; salt in



the presence of epoxide groups.
Our DSC studies of the cure

reactions of a typical TGDDM/DDS/

"8F3 NHZCGH " commercial prepreg
(4

containg G.U4 wt% "BF 'NHeCPHS" con-
firm that the BF NHIC : salt is the
3¢ (20)
predominant catalytlc speties,

These studies indicate that the
cure reactions occur (i) 50% by

i cationic catalyzed reac-
i) 25% by BF3:NH2C2H5 cat-
alvzed reactions and {(I1I) 25% by

non- catalyzed reactions.

L, CONCLUSIONZ
1 19 Il
“H, “°F ana "B NMR studies
indicate that the chemical composi-

NqQC:HE

" samples are vari-

tion of commerz:ial "BF.

and "BF_:NHC_H

3 5710 _ ~
able and contain BPu ani BFB(OH)
salts together with another
unidentified highly reactive
species believed to be

tic.y NH ) BF )[Er

25
At 83°C and above, solid
BF3:NH C HR slowly converts to the

225

BF_N”fC,Hr salt witn asscciated

br3Tets
fluorine loss. This salt formation
is accelerated in DMSO solution,
and further accelerated in the
presence of the TGDDM epoxide.
There is no evidence the prepreg
DDS amine curing agent interacts

chemically with the BF_:NH_C_H_.

37225
In the presence of H2
B 3 NHZCZHS readily hydrolyses to
BF t °C.
(0H) NH3C2H5 at 85°C. At

amblent conditions, however, this
hydrolyses is slow with little
detectable reaction occuring after

4 days.

In commercial TGDDM-DDS-~C
fiber 334 and 3501 prepregs
"BF3 MH2C,,H5 and "BF3 NHC._ HlO
were respectively identified as
the prepreg 2atalytic species.
These catalytic species were in
the form of the BF,

its BF;

ramine complex,
salt and a4variety of
boron-fluorine-prepreg species.
The quantities of the BF_:NH,C H

2725
and BF#NH‘L H_ species relatlve
537208
to the total fluorine in the pre-
preg varied considerably from

prepreg lot to lot, i.e.

BF: NH2C2H5 (7-49% range) and
F n3C2H5 (15-62% range). Upon
Featxng the prepreg the BF3'NH CZHS

is converted to the BF NH}C.,H5
salt with associated less of

fluorine.
The chemically stable and
mobile BF NH'C_H

3725
fied as the predexinant catalytic

salt is identi-

species and acts as a cationic
catalyst for the prepreg cure -
reactions. The more reactive
BF3-amine and ~ prepreg species
are susceptible to conversion to
other species with possible
catalytic deactivation and
immobilization during the early

stages of cure.
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Table 1. Fluorine Species in "BFQ:NHZC H_" from 19

s F NMR.

$ of Total Fluorine as

Source _ _ Reactive :
BF3:NH2C2H5 BF, BFa(OH) BF3 Miscellaneous
Alfa 92.5 2.5 2.9 2.0 0.1 :
Bauer 1.9 15.3 12.4 57.3 13.1 :
Harshaw 89.7 8.9 0.9 - Q.5 ;
K and K 78.1 1.1 3.1 4.8 2.9

Table 2. Effect of Thermal Annealing on the Flucrine Species in
- . 19
"BFB:NH?CEH5" from F NMR.

% Total Original Fluorine as

Annezl Conditions

Fluorine Loss BFB(OH)- BFu BF3:NHEC2H5
Original, unannealed 0 6.1 i.6 gz.3
Solid
i hr, 85°C 8.1 o] 11.8 85.1
1 hr, 115°C 2.7 0 13.8 83.5
1 hr, 140°C G.7 0 13.7 76.8

Table 3. Effect of Heating on the Fluorine Species in BF_:NH CZHq/DHSO

19 3 2
Solution from ~°F NMR.

% Total Original Fluorine as

Heat Conditions

Fluorine Loss BFB(QH)_ BFH- BFB:NH2C2H5
Unheated Solution 0 6.1 1.6 g2.3
1 hr, B85°C 5.1 0 13.1 81.8 :
1 hr, 115°C 12.9 0 34,7 52.4 i

1 hr, 140°C 27.3 0 60.2 12.5




Table 4. Effect of Heating on the Fluorine Species in "BF3:NH2C2H5"/
TGDDM/DMSO Solution from 1 F NMR.

$ Total Original Fluorine as

Heat Conditions

Fluorine Loss BF3(0H)' BF, BFB:NHZCZHS
Unheated Solution 0 Al 1.6 92.3
1 hr, 85°C 19.4 0 17.8 62.8
1 hr, 115°C 23.0 0 77.0 0
1 hr, 140°C 20.6 0 79.4 0

Table 5. Fluorine Species in Fiberite 934 Lots

% of Total Fluorine as

Epoxide-BF

EFS(DH)_NH3+C2H5 BFu_NHB*C2H5 BF3:NH2C2H5 Products ’
c2-709 3.8 38.8 25.2 3e.2
€3-2:13 4.6 60.0 7.2 28.2
£3-38¢9 0.5 14.6 48.6 36.3
C2-3237 1.5 Ly 22.4 31.7
C3-546 1.4 49.1 18.2 31.3

Table A. The Effect of Temperature, Time and H.O on the Relative

2
= . . ) =t . . . .
Extractable BF3.NH2C2H5 and BF”NH3C2H5 Species in Fiberite 934.
. I I -
Exposure Conditions BF3 BFu
Ambient 0.718 ; 0.748
50°C; 1 hr 0.539
£0°Z; 5 hr 0.554
75°C; 1 hr 0,494
100°C; 1 hr 0.146

100°C; 1 hr + steam 0.326




